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The P89LPC900 (2) 


Part 2 (final): practical application 





M. Stottelaar Eurodis Texim Electronics 


In this second instalment we will look at the actual application of this 
microcontroller in greater detail. Notably the ‘in system programming’ 
functionality is described in detail. In addition, a practical design is 
presented that not only functions as a programmer for the controller, but 
as a prototyping board as well. As an example project, guided by an 
application note from Philips, a very good ADC can be built without 
requiring any additional peripherals. 


Addition to Part | (October 2003) 


Hitex are the sole distributor of the 
Keil/Philips LPC kits the UK. The kits are 
available from www.hitex.co.uk/shop. 
We thank Mr. Chris Hills of Hitex UK for 
bringing this to our attention. 





Flash memory 


Many of you will recognise the 
ceramic microcontroller with a glass 
window. These are the UV erasable 
versions that were (and sometimes 
still are) used during the debugging 
stage of the application software. An 
expensive solution indeed, but the 
alternative, the burning of one-time 
programmable (OTP) devices was 
often more costly and far from flexi- 
ble. The arrival of multi-time pro- 
grammable flash (MTP) has made 
the UV-erasable type mostly obso- 
lete. With that, the relatively long UV 
erasure time is now also a thing of 
the past. 

Despite this large step forward, 
there is another highly desirable fea- 
ture: it would be very nice if the 
microcontroller could be pro- 
grammed and erased while it 
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Figure |. Three specific pulses at the Reset pin put the chip in boot-mode. 


remains in the application circuit. In 
particular with SMD packages this 
very desirable of course. And if it 
were also possible to replace the 
code ‘in the field’, then all of our 
wishes would have come true. 


Two pieces of code 


All the recent versions of microcon- 
trollers from Philips Semiconductors 
have the option of being (re)pro- 
grammed while fitted in the circuit, 
and this includes the P89LPC900 
series. Because nearly all versions 
have at least one UART, this is an 
eminently suitable method to pro- 
vide the microcontroller with code. 
The only other things that are nec- 





:= Flash Magic 
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essary are a PC running a small 
application and a level shifter to con- 
vert the RS232 signal levels to TTL 
logic levels. All the programming 
functionality is controlled by two 
pieces of code that reside in the 
microcontroller. The low-level part 
takes care of the actual reading and 
writing of the memory, while the 
high-level part (boot-loader) provides 
for the communications via the 
UART. The low level functions are 
available to a programmer and can 
be used to write your own boot 
loader, which would be able, for 
example, to reprogram the micro- 
controller via a CAN-network. 

The P89LPC900 is incidentally quite 
happy with only one power supply 
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Figure 2. Menu structure of Flash Magic. 


11/2003 Elektor Electronics 


voltage during programming, so there is no 
need for an additional programming voltage. 
The next few paragraphs provide more detail 
about the inner workings of the various ele- 
ments. 


In System Programming (ISP) 


When it leaves the factory, the P89LPC900 
has been pre-programmed with an enabled 
boot loader. When power is applied the 
microcontroller is ready to receive the appli- 
cation code. After the code has been sent, the 
microcontroller is switched to user-mode, so 
that the application code will be executed fol- 
lowing the next reset. 

There is, of course, a method to return the 
microcontroller to boot mode again. The 
P89LPC900 actually has multiple methods to 
do this, two of which will be described here. 
A third method is outside our scope; it is also 
possible to put the processor in boot mode 
using a parallel programmer. 

The first method of putting the chip in 
boot mode is to apply three specific pulses to 
the reset pin of the processor. In practice, the 
serial port of a PC can be used to generate 
these pulses. In addition to the usual RxD and 
TxD signals a third line is required to gener- 
ate these pulses (refer to Figure 1). 

The second, possibly even simpler, 
method uses the Break Detect function of the 
microcontroller. If this function has been 
enabled, the TxD line from the PC can put the 
microcontroller in boot mode. This means that 
the Break Command has to be sent to the 
microcontroller. This is certainly a very con- 
venient method during the debugging stage of 
the software development cycle, particularly 
if the UART is accessible to the world via a 
sub-D connector. However this method also 
has its risks. The wave shape for the Break 
signal is rather simple and there is a signifi- 
cant risk that the controller will inadvertently 
enter boot mode. It is therefore recommended 
to disable this feature when the project has 
been completed. Software examples for 
enabling the break detect feature can be 
found in the application notes from Philips. 

In part 1 we mentioned that Flash Magic 
(refer to Figure 2) is the name of the PC soft- 
ware used to program the microcontroller. 
This software is maintained by ESACADEMY 
(www.esacademy.com) and is periodically 
updated with a new list of microcontrollers to 
be programmed. The design is very simple 
and the environment has the look and feel of 
a typical programmer (note that Flash Magic 
is also suitable for other derivatives from the 
80C51 family from Philips). 

The circuit described below is suitable for 
use with Flash Magic and includes all the fea- 
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Figure 3. The schematic for the programmer and prototyping board. 


tures for putting the microcontroller in boot- 
mode. Flash Magic can also be operated from 
the command line. This makes enables you to 
use this tool as part of an automated produc- 
tion process. 

It is also possible, of course, to write your 
own programming environment to suit your 
own unique requirements. For this purpose, 
the Intel Hex strings are supplemented with 
additional instructions. It is beyond the scope 
of this article to describe all these instruc- 
tions in detail, but the P89LPC932 user man- 
ual provides all the necessary information. 


In Application Programming 
(IAP) 


In some high-end applications, there may be 
a need to replace the code in the microcon- 
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troller without replacing the IC itself. 
Of course, the ISP method is a possi- 
ble solution in these situations. But 
what about an environment where 
there is no technical know-how or 
nobody is actually present? 

In all these situations, the IAP- 
method can be used to replace the 
code using a method chosen by the 
application programmer. The com- 
munications method can be selected 
to suit the environment (telephone 
line, Internet, RF, etc.). The principle 
is very simple. The programmer 
defines the communication method 
and makes use of the so-called JAP 
calls in the microcontroller to carry 
out the actual erasing and writing 
operations. Obviously, part of the 
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code needs to remain active 
during this process in order to 
maintain the communications 
channel. However, using seg- 
mentation, all the code can be 
replaced in two or more steps 
(in many cases the system soft- 
ware can be left unaltered 
because it is generally sub- 
jected to fewer changes than 
the actual application code). 

A practical description of 
the IAP operation may be found 
on the Elektor Electronics web- 
site under Free Download file 
number 030161-2 (November 
2003) on www.elektor-electron- 
ics.co.uk. 


The hardware 


That was enough theory for 
now. The circuit shown in Fig- 
ure 3 makes it possible to get 
started with the P89LPC900 
family in a practical way. The 
design supports the previously 
mentioned ISP and IAP facili- 
ties, so that the testing of your 
own programs can be realised 
very easily. A C compiler, for 
example, can be used for the 
development of the software. If 
you don’t have a compiler, one 
can easily be downloaded from 
the Internet (for example Task- 
ing or Keil). In general these are 
‘full featured’ demo versions, 
but limited with respect to the 
maximum generated code size. 
However, a 2k limited version is 
often adequate to write a realis- 
tic application. Also, the ‘Code 
Architect’ from Esacademy can be 
very helpful when first treading in 
80C51 territory. Using this tool, you 
can interactively write code for the 
P89LPC932 that has been used in 
this design. This member of the fam- 
ily is part of a whole range of con- 
trollers with 8 to 28 pins and also 
available in PLCC packages. 

To maximise the functionality of 
the board, all the I/O from the micro- 
controller has been brought to the 
outside and is available for use. The 
combination of the serial interface 
and analogue and/or digital I/O can 
easily be put to practical use to col- 
lect measurements with a PC or con- 
trol some outputs. 

In order to program the microcon- 
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troller, the simplest connection 
between the PC and P89LPC932 
could consist of a single RS232 level 
shifter that we have used on many 
previous occasions in Elektor Elec- 
tronics designs. The RXD and TXD 
lines from the PC and P89LPC932 are 
simply connected via the level 
shifter. In this design we have cho- 
sen for a slightly more elaborate 
setup. Not only are the RXD and 
TXD lines connected, but some addi- 
tional signals as well, to provide a 
safe method of switching the pro- 
grammer on and off, and for generat- 
ing the clock pulses at the reset pin 
(for reboot). 


COMPONENTS LIST 


Resistors: 

RI = 100kQ 
R2,R3,RI0 = 10kQ 
R4...R7 = 47kQ 
R8,R9 = IkQ 

RII = 3902 

RI2 = 2702 

RI3 = 4kQ7 

PI = 100Q preset V 


Capacitors: 

Cl = 33nF 

C2,C5-C10,C12,C16,CI7 = 
100nF 

C3,C4 = 22pF 

CI1,C13,C15 = 100uF 25V radial 

Cl4 = l0uF 16V radial 


Semiconductors: 


DI = IN4001 
D2,D3 = low-current LED 
TI = BC557 


ICI = P89LPC932BA 
IC2 = MAX3222CPN 


IC3 = 74HCO2 
IC4 = ULN2003 
ICS = LM317T 


Miscellaneous: 

JP1,JP2 = jumper 

KI = 8-way SIL pinheader 

K2,K5 = 4-way SIL pinheader 

K3 = 5-way SIL pinheader 

K4 = 6-way SIL pinheader 

K6 = 9-way sub-D socket 
(female), PCB mount 

K8 = 2-way PCB terminal block, 
lead pitch 5mm 

SI = pushbutton, one make 
contact 

XI = 11.0592MHz quartz crystal 

PCB, available from The PCBShop 
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Figure 4. There is plenty of room on the PCB for your own applications. 
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Figure 5. The construction of the prototyping board is a relatively simple job. 


IC2 converts the signal levels and is pro- 
vided with an enable input, which causes the 
chip to go completely off-line when the DTR 
signal is no longer active. The DTR line is also 
used, via IC3 and T1, to switch the power sup- 
ply voltage to the P89LPC932 on and off dur- 
ing the programming session. The three pulses 
that are required to put the microcontroller in 
boot mode are generated using the RTS line 
from the PC, combined with the TXD signal. 


A few more schematic details 
R1 and C1 form the circuit that’s used for the 
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Figure 6. The switchable comparator inputs 
provide the option of four ADC channels. 
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sigma-delta converter to be 
described later on. P0.1 through P0.4 
are used as analogue inputs for this 
purpose, so that a four-channel ADC 
is created. Fitting C3, C4 and X1 is 
not strictly necessary, because the 
processor has a sufficiently accurate 
RC oscillator built in. These connec- 
tions can be used as digital I/O. The 
signals for both I2C and SPI are also 
brought out to pins so that many 
popular chips can be connected 
directly. 

The four compare outputs (pins 2 
through 5 of K1) and another three 
ports are buffered and made avail- 
able via IC4, allowing relays or sim- 
ilar to be controlled directly. Port P2.6 
(pin 2 on K1) is fitted with an LED 
(D3) that can be useful during soft- 
ware development. The remaining 
ports, including P2.7, P2.0 and P2.4 
are available as general-purpose I/O 
(on K5). 

Note that P1.5 can never be con- 
figured as an output and in this 
application is only used as Reset. 

A pushbutton (S1) is connected to 
port 1.4. This could be used, for 
example, to test the software exam- 
ple of boot-mode via IAP Even 
though the processor is a 3-V type, 
all the inputs and outputs are toler- 
ant of 5-V signals. It may be neces- 
sary in some cases to convert the 


signal levels if they do not conform 
to the input requirements of some 
optional external chips. 

The power supply of the circuit is 
a very simple design. We chose an 
LM317 (IC5) with a trimpot, because 
it is more readily available than a 
fixed 3.3V-regulator. Before placing 
the processor in its socket check that 
the power supply voltage is around 
3.3 V, adjustable with P1. 


Construction 


Figure 4 shows the (double sided) 
PCB designed for the prototyping 
board. The layout is quite spacious 
and conveniently arranged, so that 
even less experienced hobbyists 
will have no problem with the con- 
struction, provided you stick to the 
component overlay and parts list. 
Microcontroller IC1 is fitted in a 
special PLCC socket. The various 
connecters have been placed near 
the edge of the PCB as much as is 
possible. 

A section beside the controller 
has been deliberately designed as 
prototyping board. This provides an 
easily accessible space for your own 
applications. In this way you can 
carry out a lot of different experi- 
ments without immediately having 
to make another PCB. 

A standard 9-VDC mains adapter 
can be used to power the entire cir- 
cuit. There are no specific require- 
ments for the adapter, since IC5 pro- 
vides voltage regulation and the cur- 
rent consumption of around 20 mA is 
not very large. Diode D1 prevents an 
incorrectly connected adapter caus- 
ing damage to the circuit. 


The programming 


After everything has been put 
together and carefully checked, the 
PCB can be connected to the power 
supply and serial port. Use the fol- 
lowing jumper settings: 
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Although Flash Magic is a program 
that’s self-explanatory to a large 
extent, it is worthwhile to take a 
quick look at the settings related to 
Start Bootrom in the ISP menu. A 
number of things depend on 
whether Break Detect or Pulses on 
Reset Pin is used. The latter option 
will always work, provided the reset 
jumper is fitted and in the menu 
‘Options/Advanced Options/Hard- 
ware Config’ the tickbox ‘Use DTR 
and RTS to enter ISP-mode’ has been 
ticked. The other method will only 
work when the (running) code has 
provision for this option, as 
described earlier. 

Ex factory, the boot-loader is 
already enabled so that loading the 
first program will succeed even 
without explicitly enabling the boat 
loader. Consult the accompanying 
PDF-file for more instructions with 
regard to Flash Magic. 

Attention: up to version C of the 
P89LPC932 it was not possible to 
activate the boot loader using the 
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reset pin. With these devices you 
will always have to make use of 
either the Break Detect or IAP 
method. So be careful and convince 
yourself that your code is correct. 
The only method of escape once 
you're stuck is by using a parallel 
programmer to clear the chip after a 
mistake. Fortunately only a small 
number of these devices have been 
manufactured. 


ADC 


As already mentioned, the above 
design has a feature that allows an 
ADC to be realised even though the 
P89LPC932 does not have an on- 
board ADC. The principle of opera- 
tion is based on the Sigma-Delta 
method. The two analogue compara- 
tors that are standard peripherals on 
this controller are employed for this 
purpose. Because each comparator 
has a selectable input (refer to Fig- 
ure 6), it becomes possible to make 
a four-channel ADC. Application 


Note AN101871, available from the Philips 
website provides all the necessary informa- 
tion. But, briefly, the circuit operation is 
essentially as follows: C1 on the reference 
input is charged via R1 until the level is equal 
to the input of the comparator. From then on, 
the charge/discharge cycle is controlled by 
the result from the comparator. The number 
of charge cycles is proportional to the com- 
parator input voltage. By counting the num- 
ber of charge cycles during a predetermined 
number of cycles (charge and discharge) the 
level of te input voltage can be determined. 
For a more detailed description and back- 
ground theory we refer you to the aforemen- 
tioned application note. 


In conclusion 


It would go too far to describe all the details of 
the P89LPC93z2. Fortunately, there is plenty of 
code available for the 80C51 (often well doc- 
umented in application notes). In addition, 
new application notes frequently appear on 
the Philips website, explaining the details of 
specific peripherals. 

(030161-2) 


35 


